Abstract The effect of experimental disturbances on the dynamics of a shrub community was studied on a 'Montado' ecosystem, in southern Portugal. The evolution of the community physiognomy, composition and diversity were monitored after shrub clearing followed by biomass removal, deposition on soil surface and incorporation with the soil, over a 9-year period. Maximum shrub density was recorded in the first year after the disturbances, excepting in mulched plots which showed the greatest number of individuals 1 year later. The increment of shrub leaf biomass was very fast in the first 3 years, whereas wood production was slower but occurred along the whole study period. At the end of the study, leaf and wood biomass was still significantly lower than in the predisturbance situation. The variation pattern of leaf area index was similar to that of leaf biomass. The evolution of total plant cover and diversity was similar across treatments. The highest species richness and diversity were recorded 2 years after cutting, decreasing afterwards with the increasing dominance of shrubs. Thus it seems likely that, although a 9 year period is too short for these communities to reach steady equilibrium, they are very resistant and resilient to disturbances, as regeneration was fast and vegetation dynamics was not influenced by differences among treatments. We can conclude that shrub clearing promotes biodiversity and the time of permanence of shrub patches depends on the particular goal we want to achieve.
Introduction
The landscape of southern Portugal is mostly dominated by a man-made savannah-type ecosystem, characterised by scattered oak trees, which create a mosaic of open pastureland and oak/understory plant communities, the Portuguese 'Montado' and the Spanish 'Dehesa' (Simões et al. 2009 ). Quercus suber L. and Q. rotundifolia Lam. are the dominant tree species of this multi-purpose agroforestry system that occupies wide areas in the Iberian Peninsula. 'Montados' have unique characteristics and high biological, scenic and recreational value (PintoCorreia 2000) . They play an important role on the rural economy, as they are source of cork, timber and charcoal, acorns used for swine food, natural pastures, aromatic and medicinal plants, honey, and mushrooms and constitute habitat for a great deal of game (Joffre et al. 1999) . The soil and water C. Canteiro Á C. Pinto-Cruz (&) Á M. P. Simões Á L. Gazarini Instituto de Ciências Agrárias e Ambientais Mediterrânicas/Departamento de Biologia, Universidade de É vora, Apartado 94, 7002-554 É vora, Portugal e-mail: ccruz@uevora.pt protection and carbon sequestration are the major indirect benefits (Croitoru 2006) . Furthermore, as they support outstanding levels of species, including endemic species and habitat diversity, 'Montados' are an example of integration of traditional and sustainable land-use and biodiversity conservation (Blondel and Aronson 1999; Pulido et al. 2001; Pérez Latorre and Cabezudo 2002; Plieninger et al. 2004; Plieninger 2007) , considered areas of special interest for conservation under the EU Habitat Directive.
After the abandonment of cereal crops and livestock rearing, in the seventies of the last century, cultivated land reverted to seminatural vegetation, and shrub clearing and rotational ploughing became common to control shrub invasion, to promote pasture production and prevent fire (Pignatti 1983; Espírito-Santo and Capelo 1998; Pulido et al. 2001; Tárrega et al. 2001; Plieninger et al. 2003 Plieninger et al. , 2004 Calvo et al. 2005) . Nowadays, 'Montados' are seriously threatened, being soil erosion, absence of tree natural regeneration, die-back and loss of biodiversity some of the most outstanding threats (Plieninger et al. 2003 (Plieninger et al. , 2004 Eichhorn et al. 2006) . Recently, some advantages of shrub encroachment have been reported (Pulido and Díaz 2005) and potential strategies to enhance oak regeneration include promotion of spatial heterogeneity and restoration of shrub layer (Plieninger et al. 2004; Ramos Solano et al. 2006; Moreno and Obrador 2007; Pérez-Ramos et al. 2008) . Moreover, the protective shrub cover promotes soil rehabilitation (Cable et al. 2009; Simões et al. 2009 ) and prevents erosion (Andreu et al. 1998) , especially after fire events. Thus, spatially and temporally limited set-aside of grazing and cultivation can result in a landscape mosaic of intermediately disturbed patches, so that a variety of successional stages are developed (Fulbright 1996; Plieninger et al. 2003) and biodiversity is maintained (Peet et al. 1983; Figueroa and Davy 1991; Scarascia-Mugnozza et al. 2000) .
Shrubs of the genus Cistus (Cistaceae) are among the most important elements of shrublands and encroached oak woodlands which currently dominate large areas in central and southern Portugal (Simões et al. 2008) . Cistus salviifolius L. is undoubtedly one of the most representative species in oak woodland areas degraded by previous cereal crops and livestock overgrazing (Martin Bolaños and Guinea López 1949; Calvo et al. 2005; Simões et al. 2009 ). Several studies have been carried out to understand the effects of fire in the dynamics of Mediterranean shrublands (e.g. Schlesinger and Gill 1980; Trabaud and Lepart 1980; Montès et al. 2004; Tavşanoglu and Gürkan 2005) , including Portugal (Espírito-Santo and Capelo 1998). However, few studies have focused so far the effects of shrub cutting or ploughing on 'Montado' restoration and maintenance (e.g. Tárrega et al. 2001; Calvo et al. 2005) , and to our knowledge none compares the effects of different shrub clearing techniques.
In this context, a study was carried out in a 'Montado' ecosystem with low tree density, previously used for extensive grazing, to assess the effects of different experimental disturbances (simulating traditional management practices) on the dynamics of a C. salviifolius shrub community, over a 9-year period. The aims of the study were (i) to evaluate the regeneration of shrub cover and biomass, (ii) to analyse the evolution of plant community composition and diversity, and (iii) to assess the physiognomic progression of the whole community, after vegetation cutting followed by ploughing, mulching and mowing. The study will provide knowledge on the responses of plant communities to different management practices, in order to draw proper management guidelines to promote 'Montado' sustainability and conservation.
Materials and methods

Study site
The study was conducted in southern Portugal, in a site close to É vora, (38°32 0 N; 8°01 0 W; 220 m a.s.l.). According to Rivas-Martínez (2005) the area belongs to the Mediterranean pluviseasonal-oceanic bioclimate, low mesomediterranean bioclimatic belt and dry to subhumid ombrotype. The mean annual temperatures ranges from 9.2 to 21.5°C and the mean annual rainfall is 664.6 mm (INMG 1991) . The lithological substratum consists of granites and gneisses and the soils correspond to a Lithosols complex (Carvalhosa et al. 1969) .
The vegetation is an open oak woodland of Quercus suber and Q. rotundifolia, included in the series Pyro bourgaeanae-Quercetum rotundifoliae S., with an understorey of shrubs, dominated by Cistus salviifolius.
The experimental area was fenced 7 years before the study beginning, being completely protected from any external human action.
Experimental treatments and sampling procedures
A homogeneous stand was selected in the experimental area to carry out experimental treatments/ disturbances: cutting of shrubs followed by biomass removal and soil tilling (mowing), deposition of plant residues on soil surface (mulching) and incorporation into the soil (ploughing). Each treatment was carried out, in June 1998, in a set of three plots (50 m 9 14 m) randomly established, leaving a set of untreated plots as control.
The evolution of C. salviifolius regeneration was evaluated through shrub density and height measurements in three 100 9 1 m 2 transect belts per treatment. Aboveground biomass was quantified from three square columns (50 9 50 cm 2 on a side), randomly chosen at each treatment. Total aboveground phytomass was harvested and separated into biomass (green and woody branches, green leaves and reproductive organs) and necromass components (dead leaves and branches). The projected leaf area was measured using a leaf area meter (LI-COR Mod. Li-3000A), on subsamples of fresh green leaves. After drying (80°C), the biomass components were weighed.
To analyse the plant community evolution, five randomly permanent quadrants (2 9 2 m 2 ) were chosen in each treatment and control plots and the following parameters were surveyed: total ground cover percentage, plant species, species abundance/ dominance in percentage adapted from Géhu and Rivas-Martínez (1980) , and physiognomic types according to Raunkjaer (1934) . Plant nomenclature follows Castroviejo et al. (1986 Castroviejo et al. ( -2008 , Franco (1971 Franco ( , 1984 and Rocha Afonso (1994-2003) .
Sampling and measurements were carried out in the end of spring 1998 (year 0) to characterize the pre-disturbance situation and over a 9-year period after the disturbances (1999, 2000, 2001, 2002, 2003 and 2007) .
Data analysis
From the data obtained, the following parameters were determined and analysed:
• Shrub density, height, leaf and wood biomass and necromass/biomass ratio; • The leaf area index (LAI), i.e. the amount of unifacial leaf area per unit of ground surface; • The leaf weight ratio (LWR), i.e. leaf dry weight per unit plant weight. • Shannon diversity index (H 0 ) (Magurran 2004 ) and its components: richness (S), i.e. number of species and evenness (E), a measure of equitability of species relative abundance; • Relative proportions of Raunkjaer physiognomic types.
Differences in the parameters described above among years and treatments were determined with Kruskal-Wallis nonparametric tests, followed by a posteriori multiple comparison tests, when significant differences (P \ 0.05) were found, to determine which treatments and years were different. Correlations between shrub leaf biomass and LAI and amounts of spring (from March to May), autumn (September to December), winter (January to February) and annual precipitation were performed with the Pearson correlation analysis. The similarities/dissimilarities of species composition between the treated and non treated (control) plots along the study period were analysed by Multi-Dimensional Scheduling (MDS), using the Proxscal algorithm. A hierarchical cluster analysis, using Ward method and squared Euclidean distance as a measure of similarity, was made to validate group assignment. The final quality of the model was evaluated by the STRESS-I and by DAF, using the reference values defined by Maroco (2007) .
All data treatments follow the descriptions presented in Maroco (2007) and were performed using SPSS 17.
Results
Shrub biomass production and allocation
Maximum shrub density (89-93 individuals m -2 ) was recorded in the first year after the disturbances (Table 1) , excepting in mulched plots, which showed the greatest number of individuals in the second year (63 individuals m -2 ). Afterwards, the number of individuals gradually decreased in all disturbed plots. However, at the end of the study (2007) , shrub density (9-13 individuals m -2 ) was still significantly greater (P \ 0.01) than in the pre-disturbance situation (1 individual m -2 ). In each year, significant differences were not found between treatments (0.164 \ P \ 0.957) and comparisons between years showed that both 1998 and 2007 were significantly different (P \ 0.05) from the remaining years.
Shrub mean height increased significantly (P \ 0.001) from year to year, as expected and significant differences were not found among treatments in each year (0.113 \ P \ 0.301). At the end of the study, shrub height (70-83 cm) was still significantly smaller (P \ 0.001) than in the initial situation (102 cm). Table 2 shows the production of leaf and wood biomass along the study period. Leaf biomass increased very fast during the first 3 years, with a pronounced flush in the first. Afterwards, leaves started decreasing until 2003. At the end of the study period a new increase was observed. Leaf biomass was correlated with the annual precipitation amount (Pearson correlation coefficient, 0.79 \ r \ 0.89, P \ 0.05), in all treatments. Stem lignification was observed only from the second year after the disturbances. Afterwards, wood biomass increased all over the years, but in 2007 it was still significantly smaller (P = 0.000) than in the pre-disturbance situation. It is worth to note that biomass production seemed to be initially faster in the mown plots than in the others, either for leaf or for wood, although significant differences were not found among treatments in any of the study years (0.329 \ P \ 0.875 for leaf and 0.177 \ P \ 1.000 for wood).
Values of the necromass/biomass ratio increased from the second year after the disturbances until the end of the study period. In 2007, this ratio (0.32 to 0.57) was greater than in the pre-disturbance situation (0.27), although the difference was significant for the ploughed plots only (P \ 0.05, P = 0.397, P = 0.682, for ploughing, mowing and mulching, respectively). Probably differences determined for the mulched and mown plots were not significant due to the high standard errors.
The leaf area index (LAI) variation pattern was similar to that of leaf biomass, with maximum values (1.4-2.0) determined 3 years after the disturbances (Fig. 1) . Likewise, in each year there were no significant differences among treatments (0.113 \ P \ 0.904). In 2007, values (1.1-1.6) were still significantly lower (P = 0.000) than in the predisturbance situation (2.3), excepting for the mulched plots (P = 0.067), probably due to the high standard errors.
Leaf weight ratio (LWR) peaked (0.72-0.73) in the first year after disturbances, decreasing progressively along the following years (Fig. 2 ). Significant differences among treatments were not found in any of the study years (0.092 \ P \ 0.875). In the end, the LWR of the mulched plots (0.12) did not differ significantly (P = 0.141) from those recorded in the initial situation (0.10), whereas those of the mown (0.14) and ploughed (0.16) plots were still significantly greater (P = 0.000).
Plant cover and diversity
The evolution of total plant cover percentage was similar across all experimentally disturbed plots (Fig. 3) . In the first year after treatments, a fast increase was observed and 2 years after the values obtained (71.6-80.6%) were not significantly different (P = 0.176) from those that characterized the pre-disturbance stage (73.0-82.6%). Thereafter, plant cover kept on increasing in treated plots and significant differences between all treatments and control were found in 2003 and 2007 (P \ 0.05).
Similarly to plant cover, species richness increased after the implementation of treatments and the maximum species number (26-31 species) was reached in 2000. In 2001, a pronounced decrease was observed in species number for treated plots, while in control it seemed to be stabilized. At the end of the study, there was a recover of species richness in mulched plots, which did not differ significantly from control (P = 0.180). In contrast, species number in ploughed and mown plots was significantly smaller (P \ 0.01). Evenness was maximum 1 year after disturbances (0.65-0.90) and, after a pronounced decrease in the next two following years, tended to stabilization. A parallel variation was observed between this index and diversity index-H 0 (Fig. 4) . However, the decrease observed in 2000 was smaller for H' than for evenness, as species richness was still increasing. In 2001, C. salviifolius shrubs began to dominate across all treatments, lowering both specific abundance and evenness and consequently H 0 values decreased. On the control plots, a tendency to a progressive increase of species richness, evenness and Disturbed and undisturbed (control) treatments are plotted according to samples similarities/dissimilarities in Fig. 5 . The two dimensions Screen-plot and the transformed proximities versus graph distance criteria are able (STRESS-I = 0.078; DAF = 0.99) to reproduce in a proper way the species presence on the different samples. The group assignment is the result of a previous numerical clustering analysis. The treated plots are clustered by year, in a treatmentindependent way. The group located on the right side of the plot includes the samples of the first year after disturbances. In the opposite side, closer to the initial situation, are samples recorded 3-, 5-and 9-year after.
In contrast to this time-dependent pattern, all control plot samples are clustered in very close groups.
The evolution of the community structure, based on the relative proportions of physiognomic types, was different between treated and control plots (Fig. 6) . In 1999 and 2000, after shrub clearing, terophytes were the dominant physiognomic type in all managed plots. From 2001 on, the proportions of terophytes decreased across all treatments, although decrease was slower in mowing. In 2007 proportions of nanophanerophytes, which reached dominance approaching the initial proportions in 2001, slightly decreased in ploughed and mulched plots. On control plots significant interannual fluctuations of terophytes proportions were observed (P = 0.000), although nanophanerophytes did not vary significantly along the study period (P = 0.884).
Discussion
Shrub regeneration
The very high germination of C. salviifolius registered in the first spring after the experimental treatments shows a great germination success. The high rates of germination after disturbances, already observed for Cistus species (Troumbis and Trabaud 1986; Thanos and Georghiou 1988; Tavşanoglu and Gürkan 2005) , reflects a high seed bank density in the soil. In line with the strong germination response, the maximum shrub density was recorded in the first year for mowing and ploughing. In mulching, however, the highest density occurred only in the second year. This is probably because tilling was not applied, and thus the soil profile and the seed bank were not disturbed (Belo 1993) . The soil surface shading by deposition of shrub residues might also have had a delay effect on seedling emergence. In the following years, a gradual decrease of the initial shrub density was observed across all treatments, in accordance with reports by Tavşanoglu and Gürkan (2005) , for burning studies on Cistus spp. This decrease was probably due to the seedling and young shrub mortality reported for Mediterranean shrubs (Garcia-Fayos and Verdú 1998), in accordance with the observed increment in necromass/biomass ratio. Nevertheless, a 9-year period was not long enough for the community to reach the pre-disturbance density (1 plant per m 2 ). This is in agreement with results of other studies (Espírito-Santo and Capelo 1998), according to which Cistus shrublands require at least a 10-year period to reach the maturity stage after disturbances.
Shrub size and biomass increased through the whole study period. However, some fluctuations were observed in leaf biomass, and consequently in LAI. This is probably related to between year differences in water availability, along the study period, because in water limited environments, as Mediterranean 'Montados', leaf production depends on water availability (Hoff and Rambal 2003; Simões et al. 2008) . In fact, the strong correlation found between leaf biomass and annual precipitation is related with the enhancement of the initial recover trend by favourable precipitation amounts. Furthermore, the decline observed in leaf biomass in 2002 (see Table 2 ) correspond to a decrease in the precipitation for the same year (from 864 in 2001 to 695 mm). The differences found might be due to intrinsic shrubs growth strategy, i.e., shrub investment in photosynthetic components and in wood is not regular along shrub life span. The studied shrub community showed a treatment-independent fast recovery in response to experimental disturbances. Nevertheless, 9 years after disturbances, shrub maximum development was not yet attained and, similarly to shrub density, also biomass, LAI and LWR were still significantly different from those recorded in the initial situation, which is in accordance with reports on other Cistus spp. communities (Montès et al. 2004 ).
The fast treatment-independent regeneration of C. salviifolius community confirms the high resilience to disturbances pointed out for Mediterranean shrublands (Keeley 1986; Lavorel 1999; Calvo et al. 2005 ).
Evolution of the plant community
Germination of both herbaceous and shrubby plants was stimulated by the disturbances in all experimental treatments (ploughing, mulching and mowing), in accordance with other studies (Trabaud and Lepart 1980; Overbeck et al. 2005; Quilchano et al. 2008) . The high emergence observed in the first 2 years, already documented in similar studies, can be ascribed to shrub clearing (Espírito-Santo and Capelo 1998; Calvo et al. 2005) . As a result of this effect, the total plant cover values after only 2 years were already similar to those of control plots and to the
pre-disturbance situation. The fast response of the studied community is in accordance with results observed in most Mediterranean plant communities after disturbances (Tárrega et al. 2001) . Similarly to plant cover, species richness and diversity increased very fast, reaching the maximum values also after 2 years, as reported by Pérez-Ramos et al. (2008) for cork oak forests in southern Spain. The following decrease in species diversity supports the negative relationship between diversity and vegetation growth reported in other studies (White et al. 2004 ). In the undisturbed plots, a small increase was observed in herbaceous species number and diversity along the study period. This is in accordance with the increasing light penetration through shrub canopies, due to leaf biomass decrease with shrub ageing (Papió and Trabaud 1991) .
Although both herbaceous and shrubs germinated very fast, in the first year cover of therophytes was higher than that of nanophanerophytes, in consistence with observations in other Mediterranean ecosystems (Bonet and Pausas 2004). As C. salviifolius developed and became the dominant species, nanophanerophyte cover increased. After 3 years and thereafter nanophanerophytes became the dominant physiognomic type, as in pre-disturbance situation and control plots.
The evolution of disturbed communities was not only different from that of control, but was also intimately dependent on time after disturbances. This difference is underlined by the MDS analysis, in which disturbed plots are scattered in year-dependent and treatment-independent groups, in opposition to aggregation of undisturbed plots. Furthermore, the similarity between disturbed plots and the predisturbance situation began 3 years after experimental disturbances. This is consistent with the above mentioned observations on relative proportions of physiognomic types.
Conclusions
We can conclude that shrub communities dominated by C. salviifolius show both great resistance and resilience to disturbance, as they tend to recover by a treatment-independent autosuccession process. Shrub clearing increases plant diversity and conservation value and, on the other hand, encroachment might promote landscape heterogeneity adding economic profit to this agroforestry system. However, although the inclusion of shrub encroachment embedded into the current array of rotation stands might be advised to maintain the multi-purpose 'Montado' management, the time of permanence of shrub patches depends on the particular goal we want to achieve. According to our results:
• to favour a mosaic of micro-environments that will promote biodiversity and pastureland for livestock grazing, shrub clearing is suggested every 3 years; • to promote habitat for game, tree nursery and soil rehabilitation, shrub patches must be kept for 10-12 years, since 9 years after clearing shrubs structure was close to that of the initial situation and after periods longer than 12 years the accumulation of dead wood might facilitate fire spread.
As by the end of the study the disturbed shrub communities had not yet reached a stable equilibrium, further studies must be conducted to access the time period required for full community regeneration. Knowledge on the mechanisms underlying the dynamics of the community diversity and structure is of utmost importance for conservation and sustainable management of the 'Montado' ecosystems.
